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Abstract
PURPOSE—External-beam accelerated partial breast irradiation (APBI) is an increasingly
popular technique following treatment of patients for early-stage breast cancer with conventional
breast-conserving therapy. Here we present 5-year results of a prospective trial.

METHODS AND MATERIALS—From 10/2003 through 11/2005, 98 evaluable patients with
Stage I breast cancer were enrolled on the first dose-step (32 Gy delivered in 8 twice-daily
fractions) of a prospective, multi-institutional, dose-escalation clinical trial of three-dimensional
conformal external-beam APBI (3D-APBI).

The median age was 61 years; the median tumor size was 0.8 cm; 89% of tumors were estrogen
receptor positive; 10% had a triple-negative phenotype; and 1% had a HER-2-positive subtype.
Median follow-up was 71 months (range, 2–88 months; interquartile range 64–75 months).
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RESULTS—Five patients developed IBTR, for a 5-year actuarial IBTR rate of 5% (95%
confidence interval, 1–10%). Three of these occurred in patients with triple-negative disease and 2
in non-triple-negative patients, for 5-year actuarial IBTR rates of 33% (0–57%) and 2% (0–6%;
p<0.0001), respectively. On multivariate analysis, triple-negative phenotype was the only
predictor of IBTR, with borderline statistical significance after adjusting for tumor grade
(p=0.0537).

CONCLUSIONS—Overall outcomes were excellent, particularly for patients with estrogen
receptor positive disease. Patients in this study with triple-negative breast cancer had a
significantly higher IBTR rate than patients with other receptor phenotypes when treated with 3D-
APBI. Larger, prospective 3D-APBI clinical trials should continue evaluating the effect of
hormone receptor phenotype on IBTR rates.
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INTRODUCTION
Accelerated partial-breast irradiation (APBI) is increasingly used to treat patients with early-
stage cancer who desire breast-conserving therapy (BCT) (1). The decreased volume of
normal tissue irradiated, increased convenience for the patient with a shortened course of
treatment, improved integration with chemotherapy, and possible decreases in treatment
cost, make this approach appealing. However, there are few results thus far from
prospective(2, 3) or randomized trials comparing APBI to whole-breast irradiation (WBI) (4,
5), and little evidence to guide clinicians regarding the suitability of patient subgroups for
such treatment. Consensus guidelines for the suitability of APBI for select patients have
been proposed, based on expert opinion derived from limited retrospective and prospective
studies(6).

Several studies have found that “triple negative” (TN) tumors that do not express estrogen
receptor (ER), progesterone receptor (PR), or human epidermal growth factor receptor 2
(Her-2) have higher risks of locoregional recurrence following BCT using whole-breast
irradiation (WBI) than tumors expressing ER(7). For example, in one study, patients with
TN tumors had a 5-year IBTR rate of 7%, as compared to 1–1.5% for tumors expressing ER.
Some WBI studies have shown other results, including one that found similar 5-year IBTR
rates for TN and non-TN tumors (17% for both groups) but the rates for non-TN patients
were substantially higher than in other WBI studies(8). There are few studies evaluating the
efficacy of APBI by receptor phenotype. In one study of patients treated using balloon
brachytherapy, ER negativity was the only variable significantly associated with IBTR, with
an odds ratio of 4.01(9). Two recent studies did not find that the TN phenotype was
associated with a higher rate of IBTR after treatment exclusively or predominantly with
brachytherapy APBI(10, 11). However, this subject has not been adequately studied,
particularly for patients treated with three-dimensional conformal external-beam APBI (3D-
APBI).

We investigated the outcome of patients treated in the first cohort of a prospective, dose-
escalation, multi-institutional, clinical trial using 3D-APBI(12), whose median follow-up
exceeds 5 years, assessing the prognostic importance of various clinical characteristics,
including receptor phenotype.
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METHODS AND MATERIALS
Protocol Goals, Registration, and Consent

This prospective, phase I, dose-escalation trial was approved by the relevant institutional
review boards and opened to patient entry in September 2003 (Dana-Farber/Harvard Cancer
Center protocol 03-179; registry number NCT00694577, clinicaltrials.gov). Its aims were to
evaluate the technical feasibility, potential toxicities, and optimal dose for 3D-CRT APBI in
select female breast cancer patients. The first dose step of 32 Gy in 8 fractions was based on
previous trials(13) using interstitial brachytherapy to similar doses and achieving adequate
IBTR rates. (Additional dose steps were 36 Gy in 9 fractions and 40 Gy in 10 fractions, with
median follow-up times of 43 and 22 months, respectively; results will be reported as data
mature.) Patients gave written informed consent in accordance with institutional and federal
requirements. Patients were centrally registered after providing consent and could withdraw
at any time. Stopping rules for the trial were not met and included, within 1 year of protocol
registration, the occurrence of histological fat necrosis or other grade 4 skin or grade 4
subcutaneous toxicity, or the occurrence of an ipsilateral breast cancer recurrence or death
related to treatment of 9% of enrolled patients.

Patient Selection
From October 2003 through November 2005, 100 patients with Stage I (AJCC 6th edition)
breast cancer were enrolled on the first dose-step. Eligibility criteria included: age 18 years
or older; Eastern Cooperative Oncology Group performance status of 0; invasive ductal
carcinoma (including tubular, mucinous, and medullary variants); radiologic and/or
pathologic tumor size 2 cm or smaller; uninvolved lymph nodes; microscopic tumor margins
2 mm or greater, or no tumor in a re-excision specimen or final shaved margin specimens.
The protocol was revised in late 2004 to allow omission of sentinel lymph node biopsy or
axillary lymph node dissection for patients above 70 years of age with ER-positive, T1,
invasive ductal carcinoma, if the patient was to take hormonal therapy(14). Pretreatment
evaluation with magnetic resonance imaging was optional. Placement of marking clips at the
time of tumor excision was encouraged but not mandatory. Receptor status was determined
by immunohistochemistry for ER, PR and Her-2. Generally, if the Her-2 result was
equivocal, fluorescent in-situ hybridization results provided final determination of Her-2
status. Exclusion criteria included: presence of lymphovascular invasion or blood vessel
invasion; presence of an extensive intraductal component; invasive lobular carcinoma or
mixed ductal-lobular histology; testing showing a mutation known to predispose to breast
cancer development, including BRCA1 or BRCA2; prior cosmetic or reconstructive breast
surgery; psychiatric illness preventing the patient from giving informed consent; medical
conditions such as uncontrolled infection (including HIV), uncontrolled diabetes mellitus, or
connective tissue diseases which, in the opinion of the treating physician, would make this
protocol unreasonably hazardous; pregnancy; or having a currently active second
malignancy other than non-melanoma skin cancers. One patient elected not to receive
treatment, and another withdrew her consent for inclusion in the study. Therefore, 98
patients are included in this analysis; 77 received treatment at the Massachusetts General
Hospital, 16 at Beth Israel Deaconess Medical Center, and 5 at Boston Medical Center.

Treatment
Radiotherapy was required to begin within 4 to 12 weeks from the definitive breast surgery
or, if chemotherapy was given first, within 2 to 6 weeks of the completion of chemotherapy.
Chemotherapy could not be administered concurrently with APBI.

All patients underwent simulation on a dedicated computed tomography simulator after
agreeing to enter the protocol. Patients were removed from the study if the radiation
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oncologist could not adequately delineate the excision cavity. Formal criteria for
determining the extent of the excision cavity were not used. The planning target volume
(PTV) was defined by expanding the outlined excision cavity by 1.5 to 2 cm, which was
then edited so that it came no closer than 5 mm to the skin surface and was no deeper than
the anterior chest wall or pectoralis muscle. Additional margin (typically 0.7 cm) was added
to create the treatment field borders to account for penumbra.

Patients were treated to a dose of 32 Gy using 4 Gy fractions given twice daily, with at least
6 hours between fractions, over consecutive days so as to complete treatment within 1 week.
Treatment could be started on any day of the week.

Treatment could be administered using any combination of photon beams of energy 4 MV
or higher, with or without the addition of electrons of any energy, provided the dosimetric
requirements of adequately treating the PTV and homogeneity were met. (Examples include
mini-tangents plus en-face electrons, mini-tangents plus en-face photons, or wedge-pair
photons plus en-face electrons or photons.) Intensity-modulated radiotherapy and proton
beam radiation could also be used. A minimum of 3 beams was required, except for proton
treatment. Noncoplanar plans were also allowed. Details of proton techniques have been
previously described(15).

Dose was prescribed to the PTV. At least 95% of the PTV was to receive 100% of the
prescribed dose. Maximal dose within the PTV was to be no greater than 115% of the
prescribed dose. All doses were calculated using inhomogeneity corrections. Investigators
were encouraged to reduce dose to critical structures as far as reasonably achievable. Plans
were approved before the start of treatment by A.G.T., S.N.P. (for patients treated at
Massachusetts General Hospital or Boston Medical Center), or A.R. (for patients treated at
Beth Israel Deaconess Medical Center). Quality assurance or immobilization techniques
beyond what was normally practiced at the participating institutions were not dictated by the
protocol.

Systemic therapy was prescribed at the discretion of the treating physicians. Six patients
(6%) received chemotherapy (doxorubicin and cyclophosphamide, 2 also with taxol), with
or without hormone therapy, generally before APBI. Seventy patients (71%) received
tamoxifen or an aromatase inhibitor. Hormone therapy was generally started after
completion of radiotherapy.

Follow-Up
Patients were to be seen by the treating radiation oncologist 3 to 8 weeks after the
completion of radiation, then every 6 months for the first 5 years, and then on an annual
basis. Annual bilateral mammography was mandatory; although the majority of patients
underwent imaging of the treated breast every 6 months with mammography or MRI (at the
discretion of the treating physician).

Evaluation of Recurrences
For patients with an IBTR, we reviewed the operative reports, pathology reports, and
imaging of the primary and recurrent tumor with an attending breast radiologist (H.D.).
Measurement of distance between index and recurrent lesions was made with diagnostic
mammograms and supplemented by MRI if available. An attending breast pathologist
reviewed the histology and receptor immunohistochemistry of the primary and recurrent
tumors (E.B.).
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Statistical Considerations
The primary study endpoint was IBTR. Study variables included age, T-stage, tumor grade,
ER status, TN breast cancer, use of systemic therapy, hormone therapy, chemotherapy and
RT modality. Time until IBTR was censored on lost follow-up and on death. Local control
rates at 60 months were reported using Kaplan-Meier estimates. Groups were compared
using the log-rank test. Stratified Cox regression was used for multivariable analysis. A p-
value of <0.05 was considered statistically significant.

RESULTS
The median follow-up for all patients was 71 months (range, 2–88 months; interquartile
range 64–75 months).

Characteristics
Pretreatment characteristics for all patients are shown in Table I. The median patient age
was 61 years. The median tumor size was 0.8 cm. Ninety of the patients' tumors (92%) were
invasive ductal carcinomas, and 8 (8%) had other histology. Ten patients (10%) had no
sentinel lymph nodes removed, 79 (81%) had 1 to 3 nodes removed, and 9 (9%) had 4 or
more nodes removed. Ten patients (10%) had a pre-treatment MRI. Eighty-seven patients
(89%) had ER-positive tumors, of whom 70 received hormonal therapy (80%); 11 patients
(11%) had ER-negative tumors; 10 patients (10%) had TN tumors. Five of the 10 patients
(50%) with TN tumors and one of 88 patients (1%) with non-TN tumors received
chemotherapy. Characteristics by TN tumor status are shown in Table II.

IBTR
Five patients developed an IBTR at a median of 48 months after APBI (range, 30–55
months). All 5 patients were alive and well at last follow-up 22–44 months after salvage
mastectomy. There were no regional nodal failures. One patient developed distant
metastases with continued local control.

The 5-year actuarial IBTR rate was 5% (95% confidence interval, 1–10%) (Figure I). All
patients suffering IBTR had received systemic treatment. On univariate analysis, TN tumor
status, ER status and higher tumor grade were significant variables for IBTR (Table I).
Three of 10 patients with TN tumors had IBTR, for a 5-year actuarial LR rate of 33% (0–
57%). Two of 88 patients with non-TN tumors had IBTR, for a 5-year actuarial LR rate of
2% (0–6%; p<0.0001) [Figure II].

Multivariable analysis was performed stratifying first for tumor grade and then TN status, as
these were closely correlated. After stratification for tumor grade, TN status was the only
significant predictor of IBTR, with a hazard ratio of 15.4 (2.6–92.9; p=0.0537). The effect of
tumor grade on risk of IBTR was not significant after stratification for TN status (p=0.35).

An analysis of the effect of hormonal therapy on ER-positive patients and of chemotherapy
on TN patients was performed. Two of 70 (3%) patients with ER expressing tumors treated
with hormonal therapy developed an IBTR, compared to none among the 16 patients (0%)
who did not receive hormonal therapy (p=0.503). Of the 10 TN patients, 3 of 5 (60%)
receiving chemotherapy developed an IBTR; none of the 5 who did not receive it developed
an IBTR (p=0.069).

We also examined the possible effect of the surgery-to-radiotherapy interval on the risk of
IBTR. Two of the 3 TN patients with IBTR had chemotherapy prior to RT; RT commenced
on days 62, 105, and 174 after lumpectomy (mean, 114 days). The 7 TN patients with local
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control had RT begin on days 39, 41, 48, 59, 60, 69 and 77 after lumpectomy (mean, 56
days). Thus, none of the 5 patients with TN tumors developed IBTR when RT was initiated
within 60 days of lumpectomy, compared to 3 of 5 (60%) who started RT more than 60 days
after lumpectomy.

Characteristics of the 5 patients with IBTR are shown in Table III. None of the patients with
IBTR had pre-treatment MRI. All IBTRs were located more than 3 cm from the site of the
primary tumor (Figure III). All of the IBTRs had the same histology and receptor status as
the initial tumors. In two TN cases, the grade changed (from grade 2 to grade 3).

DISCUSSION
This prospective study of a carefully selected group of patients treated with 3D-APBI to a
dose of 32 Gy in 8 twice-daily fractions with a median follow-up of nearly 6 years showed
excellent overall local control, with a 5-year IBTR rate of 5% (1–10%). When evaluated by
receptor phenotype, similarly to several WBI studies(7), it appears that patients with TN or
ER-negative tumors are at higher risk of IBTR than are patients with other tumors. In this
study, TN tumor status was the most significant variable predicting for the risk of an IBTR.
Patients with such tumors had a 5-year actuarial risk of IBTR of 33%, compared to only 2%
for other patients.

This finding is consistent with and extends that of a prior registry study of patients treated
using balloon brachytherapy, in which ER negativity was the only variable significantly
associated with IBTR, with an odds ratio of 4.01(9). Two other studies did not find TN
phenotype to be associated with a higher rate of IBTR after treatment exclusively or
predominantly with brachytherapy APBI, however these studies had substantially shorter
lengths of follow-up and may have suffered from bias in their retrospective design(10, 11).
One study of 209 women treated with brachytherapy to a dose of 34 Gy in 10 fractions from
2003 – 2009 at the Cancer Center of Irvine, with a median follow-up of 22 months, found
only 3 patients experienced IBTR, with none amongst the 19 TN tumors(10). These results
must be interpreted with caution, since the 5 local recurrences among patients with TN
disease on our trial occurred between 30–55 months after therapy. The second study
evaluated 202 women treated from 1999–2009 at the Beaumont Cancer Institute, of whom
20 had TN tumors and 182 had at least one receptor positive(11). Nearly half of all patients
were treated with 3D-CRT (38.5 Gy in 10 fractions administered twice daily), with the
remainder treated with interstitial brachytherapy (50 Gy with low dose-rate sources and 34
Gy in 10 fractions given twice daily with a high dose-rate technique) or balloon
brachytherapy (34 Gy in 10 fractions). With a median follow-up of 4.1 years for the TN
patients, none developed IBTR, regional nodal failure, or distant metastases. (The respective
risks of these failures were 1.4%, 1.5%, and 2.8% for patients with at least one positive
receptor, at a median follow-up of 5.1 years.) A grouped comparison of any recurrence-type
showed no significant difference between the TN or receptor positive groups. The lack of
any failures amongst the TN group, as well as the retrospective nature of the study, suggest a
possible selection bias.

There are other possible explanations for the results of this study. Most of the TN patients
with IBTR had chemotherapy prior to radiation, thus delaying the start of RT. A randomized
study evaluating the importance of chemotherapy and radiation sequencing did not show
that the sequencing of chemotherapy and RT affected local control for patients with margins
wider than 1 mm(16). However, HER2 testing was not routinely performed at that time, and
evaluation by TN status could not be done. Our findings suggest a possible benefit to early
initiation of APBI for patients with TN tumors, which are likely to proliferate more rapidly
than other phenotypes. It is also possible that TN and high-grade tumors have poorer
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outcomes following hypofractionated radiation compared to other schemes, as was found in
the Canadian WBI hypofractionation trial for patients with grade 3 tumors(17). (There was
also a nonsignificant trend for patients with ER-negative tumors to have increased IBTR
with hypofractionated treatment.)

An important question relates to the location of the recurrences. Prior pathologic studies
have shown the difficulty in correlating a clinical classification of a true recurrence relative
to a molecular assessment of the clonality of initial and recurrent tumors(18). The recurrent
tumors in our trial had the same receptor staining and similar morphology as the initial
tumors, yet none of them recurred within 3 cm of the initial tumor site. A recent study
evaluating the location of TN tumor recurrence following WBI showed it to occur more
frequently in the area of the initial tumor than elsewhere in the breast(19). An explanation
for this apparent discrepancy could relate to the relative tumor burden remaining in a breast
following a lumpectomy. The tumor burden outside the APBI volume is likely to be small,
making it possible that the radiation dose given with WBI is sufficient to eradicate it. It may
be that the residual tumor burden within the boost field is sufficiently large that it cannot be
eradicated by WBI, despite the higher dose administered there. Viewed in another way,
APBI may be eradicating disease in the treatment area, or delaying the time at which it
would re-appear, thus allowing more distant disease to manifest first. It is also possible that
patients with recurrent tumors had multifocal or multicentric disease at presentation, and that
breast MRI could have aided avoidance of these IBTRs(20). Taken together, we believe the
results of this trial suggest that 32 Gy of 3D-APBI offered tumor control within the
irradiated volume at nearly 6 years of median follow-up, but that despite the careful
exclusion criteria of the trial, certain tumors will recur within the breast, and TN tumors
appear to be at greater risk of this. With continued follow-up of this patient cohort, future
analyses may answer whether tumors of different receptor phenotypes have differing
temporal recurrence patterns.

Our data must be interpreted in the context of the study design, with the limited sample size
and number of events weighed against the relatively recent yet increasingly broad
application of 3D-APBI. Ongoing and future 3D-APBI trials of larger sample size and
longer follow-up should continue to assess the suitability of patients for treatment, with
receptor phenotype likely to remain an important variable. While recognizing this study's
limitations, we believe its outcomes should both enhance confidence in the efficacy of 3D-
APBI for patients with ER-positive tumors and serve a precautionary note in its use for
treatment of patients with TN breast cancer. Current guidelines include ER-negative patients
in a “cautionary” group(6), but allow the treatment of patients with all receptor phenotypes
with 3D-APBI. Our data suggest that those with TN breast cancer may be at significantly
elevated risk of IBTR following treatment. Larger, prospective 3D-APBI clinical trials with
long follow-up should continue evaluating the effect of hormone receptor phenotype on
IBTR rates. Randomized trials comparing APBI and WBI (such as NSABP-B39 /
RTOG-0413) will reveal whether outcomes differ by volume of irradiation.
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Summary

98 patients with Stage I breast cancer were prospectively treated with 3D-conformal
accelerated partial breast irradiation (3D-APBI) using 32 Gy with 8 twice-daily fractions.
The overall 5-year actuarial IBTR rate was 5% (95% CI, 1–10%). The rate was 33% (0–
57%) in patients with triple-negative (TN) disease and 2% (0–6%) in non-TN patients
(p<0.0001). Larger, prospective 3D-APBI clinical trials should continue evaluating the
effect of receptor phenotype on IBTR rates.
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Figure I.
Overall rate of local control.
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Figure II.
Ipsilateral breast tumor recurrence rate by triple-negative status.
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Figure III.
Distinct locations of a treatment scar and a recurrent tumor on MRI. (The circles denote the
location of the initial and recurrent tumors.)
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Table II

Characteristics by TN tumor status.

Characteristic Total No. TN No. (%) Non-TN No. (%) P-value

All patients 98 10 88 -

Age

 <50 15 3 (20%) 12 (80%)
0.1732

 ≥50 83 7 (8%) 76 (92%)

T stage

 T1a 21 1 (5%) 20 (95%)

0.0223 T1b 53 3 (6%) 50 (94%)

 T1c 24 6 (25%) 18 (75%)

Grade

 1 46 0 (0%) 46 (100%)

<0.0001* 2 42 4 (10%) 38 (90%)

 3 10 6 (60%) 4 (40%)

*
Kendall's Tau = 0.43
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